This work aims at describing the tides at the eastern section of the strait and determining whether their spatial patterns may be interpreted in the frame of hydraulic models, which seem adequate for studying the exchange. Section 2 presents the data set and data processing as well as a criterion for choosing the interface. Section 3 describes the spatial structure of the tides at the eastern section and investigates dynamic balances in an unidimensional model. Finally, section 4 compares our estimates with BCK94 results and summarizes our conclusions. •1 hour, in order to investigate internal semidiurnal tidal oscillations. Hourly sea level data of the Spanish ports of Algeciras, Tarira, and Ceuta were also collected. These data are the experimental basis of the present study. Other currentmeter observations in the southern and center sites, not simultaneous with these analyzed here, and a set of CTD casts in the positions of moorings N and C have also been used to help resolve some particular questions.
Data and Methods

From
Salinity Corrections and Isohaline Depths
Currentmeters were equipped with temperature, conductivity, and pressure sensors. Salinity is then readily obtained at the different sampling depths. Conductivity cells of these types of instruments drift to unrealistically low values as time goes by because of biological contamination of the cell. Therefore salinity series have the same trend. The closer to the surface the instrument is, the more accentuated the drifting because of the enhanced biological activity in the photic layer. Unfortunately, upper instruments are necessary to depict the vertical motions of the isohalines, and so, a method to correct these drifts was devised. The approach is described by Garcia Lafuente et al. [1998] and takes advantage of the fact that, because of the length of the mooring line, instruments nominally in the upper layer are eventually dragged down to the lower one by the strong spring tidal currents (see Figure 2 ). Here they should record temperature and salinity of Mediterranean water, which has rather constant values of 13øC and 38.4, respectively. While temperature sensors do work correctly, conductivity cells start drifting after some weeks, making the computed salinity smaller than expected. A time subseries of salinity (or conductivity) taken when temperature has Mediterranean values allows us to estimate salinity (or conductivity) drift and to correct it from the whole series.
The corrected time series were used to estimate the isohaline depth by linear interpolation. When the salinity recorded by the uppermost instrument exceeded the value So of the selected isohaline, its depth cannot be determined. In these cases we have used boundary conditions inspired in the S(z) diagrams of the whole set of CTD casts accomplished in sites N and C, which are shown in Figure 3a and Figure 3b . The vahies S=36.6 at z=0 m and S=36.5 at z=-25 m were assumed for moorings N and C, respectively, and used to make interpolation in these infrequent situations. An example of the depth of $0-37.2 in mooring C is presented in Figure 4b . Currentmeters in mooring S were well below the isohalines of interest (salinity in station S1 was always >38.3) so that no computations have been done here. Linear extrapolations of estimates in sites N and C have been used instead. The second column is the nominal depth of each station, the third column is the bin size (see text), and the fourth column is the percentage of data inside the bin.
•The rotor of this instrument stopped working correctly after December 13, 1995.
bThis currentmeter was not equipped with a pressure sensor. Station S1 has been used for reference. 
Horizontal Velocities
Vertical excursions of the instruments prevent us from obtaining regular time series at given depths. This is particularly inconvenient for tidal currents. We will show in section 3 that tidal velocities in the upper and lower layers are quite different. An instrument nominally in the upper layer will measure a tidal velocity that is not representative of this layer if it is displaced to the lower one. To consider that all the measurements taken by a given currentmeter come from its nominal depth introduces a bias in the analysis. Vertical excursions, however, do not affect the instruments in the lower layer since they remain in the same layer. Table   2 shows that harmonic constants calculated in station C1 for the M2 constituent depend on the number of analyzed data because the reduction of the bin size prevents observations taken in the lower layer from being included in the analysis. As the bin size increases, the harmonic constants tend to values found in the lower layer. Station C6 does not exhibit this tendency despite the fact that the vertical excursions of this instrument are also important (see Figure 2) .
One way to correct the bias is to reject observations taken by a given currentmeter below a given depth. In doing so the regular structure of the time series is no 
Transport Estimates
In a reference system with the x axis oriented along the strait (rotated 17 ø anticlockwise from east), the y axis oriented across the strait, positive northward, and the z axis positive upward, the transports above and below an internal surface whose depth is H(y, t) at time Mooring S, with only two instruments, lacked information in the upper layer. The gap was filled using currentmeter observations from stations C1, C2, C3, and C4 to generate time series at the same levels in site S. It was done using regression coefficients obtained by means of correlation analysis of simultaneous time series in C and S acquired between July and October 1997. After this, mooring S was processed in the same manner as moorings N and C. An example of transport estimated using $o=37.2 is presented in Figures 4c, 4d and 4e.
Interface Depth
The interface between inflow and outflow would be defined as the internal surface where zero along strait velocity occurs. This obvious definition must be commented upon, however. Instantaneous velocities are dominated by tidal currents that are strong enough to reverse inflow or outflow during certain phases of the tides, as happens, for instance, in Camarinal Sill section (CWR90 and BCK94). In addition, inflow does not consist of Atlantic water uniquely, neither does outflow consist uniquely of Mediterranean water. Bray et al. [1995] showed that the more to the east the section is, the saltier (on average) both inflow and outflow are, and the more to the west the section is, the freshet both inflow and outflow are. The reason is that east of the sill, the fast flowing "Atlantic" Jet entrains part of the out,owing Mediterranean water that is forced to recirculate into the Mediterranean, thus increasing the size of the inflow and its salinity. West of the sill, the fast flowing "Mediterranean" undercurrent entrains Atlantic water, which increases the size of the outflow but decreases its salinity.
It is convenient to define an isohaline that plays the role of interface in order to investigate tidal transports Upper Layer ( 
Results
3.1.
General Remarks Table 3 summarizes some general results about the spatial distribution of velocity variance (energy). The first row shows that most of the energy is located in the semidiurnal frequency band, confirming that semidiurnal tides dominate the flow variability. Low-frequency (subinertial) motions follow in importance and then high-frequency motions and diurnal tides. However, the local distribution of energy is different. The second row of Table 3 shows that the percentage of energy in semidiurnal and subinertial bands is comparable in C2, a representative station of the Atlantic layer. Rows 3 and 4 show the partition of energy for stations N4 and S1, confirming that the most energetic phenomenon in the lower layer in this section is, by far, the semidiurnal tide. The last two rows give an average distribution of energy in both layers. There is a clear asymmetry that seems to be related to the mean baroclinic exchange.
The spatial structure of tidal currents in general and of semidiurnal currents in particular is also typically baroclinic.
One way of estimating quantitatively the importance of barotropic and baroclinic contributions to the total tide is by means of empirical orthogonal functions (EOFs) that assign energy to different empirical modes orthogonal to each other. We have isolated the semidiurnal frequency band with a bandpass filter made as the difference of two low-pass, order 7, butterworth filters with half power points at 0.6 and 0.1 cph, respectively. Table 4 The second column shows the amount of variance (cm s -•') in each station. Columns 3 and 4 are the variance accounted for the first empirical mode (cm s -•') and its percentage, respectively. Columns 5 and 6 are the same for the second empirical mode. The last column is the percentage of variance explained by both modes. Station C3 has not been included in this analysis because of its reduced length.
• Amplitudes, inclination, and phases are as in Table 2 . water by the Atlantic inflow as mentioned by Bray et al. [1995] . This is important because it supports the method followed to compute transports, and therefore it gives confidence to Our estimates of tidal transports reported in Table 6 . Nevertheless, we realize that a period shorter than I year is not suitable for estimating mean flows, so we do not deal with this issue fur- Columns headed A•T show the sea level difference between Ceuta and Algeciras (amplitude in centimeters) in the same format as in Table 6 Column 5 of Table 8 Table 7 is the thickness of a layer bound by S=37.2 and S=37.85 in mooring C, which can be understood as an interface layer separating purer Mediterranean and Atlantic waters. Its thickness is expected to be physically related to the velocity shear. If so, it should stretch and shrink with tidal periodicity and be phase-locked with the latter. The agreement of phases in columns 5 and 6 on Table 7 supports this relationship except for M s f, for which the mixing layer thickens shortly after the full/new moon, when semidiurnal tidal currents and vertical shear reach their maximum. In this case the expected delay should match the "age of the tide", which corresponds quite well with the 36 ø of phase assigned to Msf in Table 7 .
It is interesting to note that phases of interface layer thickness for M2 and S2 are almost exactly 180 ø apart from phases of velocity in the lower layer (see Table  5 ). This would indicate that interfacial stretching and shrinking takes place mainly along the bottom boundary of the interface layer, an intuitive result if we consider that vertical shear is mainly produced by current reversals in the lower layer during the ebb. It is also confirmed by the larger vertical oscillations of S=37.85 relative to S=37.2 shown in Figure 10 . Figure  10 along with Table 7 provide a description of the semidiurnal coupling between vertical motions and thickness of the interface layer: the higher it moves, the thinner it is. Shortly after the interface starts moving down, the shear increases, enhancing mixing, so that the layer thickens. Mixing is probably produced by shear instability that occurs when the gradient Richardson number sampling interval is not adequate to depict the passage of the bore past the eastern section, a description that would be further obscured by the technical difficulties of sampling upon which we have already commented. We cannot resolve these contributions, but we find signs of both.
The verification of cross-strait geostrophy by both internal and external modes supports the existence of a linear or quasi-linear contribution, A linear two-layer propagation model, which is an acceptable approximation if we consider that baroclinic motions are dominated by the first baroclinic mode, also provides a consistent description. Let us consider stations C1 and C5 as representatives for the upper and lower layers, respectively. The barotropic depth-independent velocity has been calculated in section 3.4.2, and its harmonic constants are presented in Table 8 
A Comparison With Previous Estimates
The Gibraltar Experiment gathered the best histor- 
